ABSTRACT: The tools to help teachers reflect on their professional knowledge are few in number, and often difficult to utilise. This paper reports on a study conducted with both primary and secondary technology initial teacher education students in a number of different countries who were given the same teacher-knowledge graphical framework as a tool to support reflection on their own professional knowledge. We wanted to investigate if, despite the different country contexts, student teachers of technology could take advantage of their experience with graphic visualisation to help them articulate abstract notions such as aspects of their developing teacher knowledge. We discovered that the graphical tool acted as a framework that enabled them to set out their subject knowledge, pedagogical knowledge and 'school' knowledge and was useful in helping them become more self-aware. In this paper, the framework itself is introduced, the way it was presented to the novice teachers is outlined and the relative impact of such 'self awareness' on their understandings, enabled by the framework, is then discussed.
INTRODUCTION
How can we help new teachers to reflect on how different sorts of 'teacher knowledge' impact on their teaching? Reflection on practice is firmly grounded in many teacher preparation courses, and the notion of reflectivity has become incorporated into many teachers' own view of what it means to be a professional (Furlong & Maynard 1995, p. 37) .
Despite the widespread use of the term 'reflective practitioner' (Shön 1983 (Shön , 1989 , however, there is little agreement about what is meant by 'reflective practice'. Calderhead (1989) has described the notion as a slogan rather than a principle. We would agree with McIntyre (1993) that often a systematic approach to reflection is of limited value in the earliest stages of professional development where students have neither the time nor the breadth of experience to do more than experiment with the approach. However, we would strongly argue that such experimentation with reflection on practice would be more successful if the student is provided with a 'tool', a usable framework that will help them consider aspects of their professional knowledge in the widest sense and grounded in their subject.
It was with a view to discover the impact of an enhanced awareness of teacher professional knowledge on school technology teaching and learning that a pilot project was established between the Open University and Brunel University in 1998. This was reported at the PATT-9 conference in Indianapolis, USA (Banks & Barlex 1999a ) and PATT-10 in Salt Lake City, USA (Banks et al. 2000) . In that initial study, secondary student teachers were provided with the same framework for analysis of their teacher professional knowledge. We reported there how the technology student teachers used the framework and came to think through the implications of their understanding of the teacher role. Following that pilot, colleagues in Finland, Canada and New Zealand and other institutions in the United Kingdom investigated the use of the framework in the different cultural contexts, with different specialist teachers of technology and with teachers of primary aged children too (See O'Sullivan 2001) .
In this paper we set out the origins of the professional knowledge framework tool at The Open University, describe the way that the framework was used by over 100 students across four different country contexts, indicate some of the results that were noted, and draw some conclusions.
CREATING THE FRAMEWORK FOR CONCEPTUALISING TEACHER PROFESSIONAL KNOWLEDGE
In this study of the self-awareness of teacher knowledge in pre-service technology student-teachers, we drew on the work of our colleagues in the Centre for Research and Development in Teacher Education (CReTE) at the Open University (see Moon & Banks 1996; Banks 1997a; Banks et al. 1999) . In their observation of Technology and English (mother tongue) teachers (Leach & Banks 1996) they noticed that success or failure of student teachers was often linked not only to their university subject knowledge and their choice of pedagogic strategies, but also to their appreciation of how the subject is transformed into a school subject. In technology, in particular, an appreciation of the way the subject in schools had been created by an amalgam of the requirements of the national curriculum, the personal history of the teachers who currently teach this 'new' subject and the contextual constraints of accommodation, materials and equipment conspire together to create a whole area of teacher knowledge. They called this 'school knowledge'.
By linking together four clusters of ideas these colleagues have produced a graphical framework which is helpful in visualising the different aspects of teacher knowledge. The ideas were: the curriculum oriented work of Shulman (1986) ; the cognitive approach of Gardner (1983 Gardner ( , 1991 and the interrelated tradition of didactics and pedagogy in continental Europe (Verret 1975; Chevellard 1991) . They also considered how the community of practice of schools influences a teacher's professional development and draw on ideas of situated learning developed by Lave (1988 Lave ( , 1991 . The outcome of this work was a pictorial model of teacher professional knowledge ( Figure 1 ).
One might initially see 'school knowledge' as being intermediary between subject knowledge (knowledge of technology as practised by different types of technologists for example) and pedagogical knowledge as used by teachers ('the most powerful analogies, illustrations, examples, explanations and demonstrations'). This would be to underplay the dynamic relationship between the categories of knowledge implied by the diagram. For example, a teacher's subject knowledge is enhanced by his or her own pedagogy in practice and by the contextual expectations which form part of their school knowledge. Which teacher has not confessed to only really understanding a topic when they were required to teach it to others! It is the active intersection of subject knowledge, school knowledge and pedagogical knowledge that brings teacher professional knowledge into being.
Lying at the heart of this dynamic process are the 'personal constructs' of the teacher, a complex amalgam of their past experiences of learning, a personal view of what constitutes 'good' teaching and a personal belief in the purposes of the subject. This all underpins a teacher's professional knowledge. This is as true for any teacher. A student teacher has to question his or her personal beliefs about their subject, why they want to teach it as they do, as they work out a rationale for their classroom behaviours.
The diagram has some similarities with the developmental model of 'pedagogical content knowing' proposed by Cochran et al. (1993) , but is simpler in form. Since the mid 1980s there has been a growing body of research into the complex relationship between subject knowledge and pedagogy (Shulman & Sykes 1986; Shulman 1986 Shulman , 1987 MacNamara 1991; Turner-Bisset 1999 ). Shulman's well known work in this field has been an obvious starting point:
how does the successful college student transform his or her expertise into the subject matter form that high school students can comprehend? (Shulman 1986, p. 5) However, the place of knowledge in design & technology is quite different to that proposed by Shulman, where a fixed set of 'subject matter' is implied. Layton clarified this in the National Curriculum Design and Technology Working Group Interim Report for England and Wales: [. . .] because knowledge is a resource to be used, as a means to an end, it should not be the prime characteristic of attainment targets for design & technology. This is not to devalue knowledge, but rather to locate it in our scheme according to its function. What is crucial here is that knowledge is not possessed only in propositional form ('knowing that'), but that it becomes active by being integrated into the imagining, decision making, modelling, making, evaluating and other processes which constitute design & technological activity (DES and Welsh Office 1988, pp. 29 and 30) .
Paramount amongst school subjects, technology is characterised by a pedagogy where there is no 'right answer' but rather different responses to the same problem are valued -some judged better than others. Compared with other subjects such as science and mathematics, perhaps a teacher of technology is less in a position of being a 'fount of all wisdom' but rather a guide to help a pupil to (as Barlex would put it) 'Design what they will Make and Make what they have Designed'. This is not to deny the important role for subject knowledge in Technology, nor to suggest that the teacher is not an important source of information, but the teacher's knowledge and expertise need not be a brake on the speed or direction of the pupils' development or creativity. For example, in electronics a pupil can treat an amplifier as a 'system element' without knowing or needing to know the details of the physics of its operation. Similarly a pupil can make artefacts using a polymer without needing to know much more than the underlying concept of giant molecules and the interaction between the chains. However, that pupil may indeed need to know more sophisticated ideas about amplification or plastics as their engagement with their design problems develop. A teacher who is able to engage them in a conversation at an appropriate level will be better able to match the curriculum to the pupil. Gardner's (1983) work is rooted in a fundamental reconceptualisation of knowledge and intelligence. His theory of multiple intelligences allows us to view pedagogy from a perspective on student understanding. In common with the ethos of school technology, the focus shifts from teacher to learner, from technique to purpose. The five 'entry points' which Gardner proposes for approaching any key concept -narrational, logical-quantitative, foundational, experiential and aesthetic -do not simply represent a rich and varied way of mediating a subject. Rather they emphasise the process of pedagogy and a practice which seeks to promote the 'highest level of understanding possible' (Gardner 1991) .
School technology is different to technology as conducted in universities or in industry. The concept of 'didactic transposition', a process by which 'subject knowledge' is transformed into 'school knowledge', enables us to consider the way that schools as institutions construct their own sort of knowledge. The CReTE ideas here have been informed by the work of Verret (1975) and Chevellard (1991) .
Finally, Lave's (1988 Lave's ( , 1991 research with adult learners engaged in new learning situations focuses on the social situation or 'participation' framework in which such learning takes place, a process of involvement in the 'communities of practice'. To become a full member of the 'community of practice' of technology teachers requires access to a wide range of teaching expertise, 'old-timers', and other members of the teaching community; and to information, resources and opportunities for participation in communities of practice (See Lave & Wenger 1991, p. 101 ). Lave's work is of particular significance for school technology because the community of technology teachers is coping with major changes in the subject that it is teaching.
An example of Figure 1 completed by one of the authors from the UK is given (Figure 2 ). It is a feature of the diagram that each response is personal to the individual. In many ways the completed diagram, though of use in discussions between students and with their tutors, is not so important as the personal reflection that the act of completing the diagram engenders for each person as they complete and use it.
METHODOLOGY
The researchers wished to discover how, if at all, student technology teachers could use a graphical framework to help them be reflective and self-aware of their developing teacher professional knowledge.
The methodological perspective of the study was qualitative in nature and based on interpretative skills and inductive analysis, whereby the researchers continually explored the relationship between data and emergent findings (Ritchie & Hampson 1996; Erickson 1986; Patton 1990) .
The data analysis focused from the viewpoint of the above categories of School knowledge, Subject knowledge and Pedagogical of knowledge. In this respect, the method was not entirely a data-based inquiry (see Patton 1990) .
Data examples presented in this article were analyzed by the researchers individually and also in the collaborative discussion in which the final interpretations were developed. Eventually, the researchers reached the stage where they considered they had interrogated the data sufficiently from the viewpoint of the different types of knowledge in the professional knowledge framework ( Figures 1& 2) to reach a point of 'saturation' that enabled an agreed interpretation of the results across the different country contexts.
This study was conducted with student teachers in four different countries. Students in the UK were at Brunel University, The Open University (taught both face to face and by on-line conferencing) and the University of Surrey Roehampton. Student and experienced teachers in Finland were at the University of Oulu, Finland and the student teachers in New Zealand studied at Massey University. The students at Queen's University in Canada were interviewed by staff at Brunel University. In all cases the students were given an introduction to the framework (Figure 1 ), but then the way in which the responses were required were varied according to the context in which the work was taking place. For example, this might be a reflective activity following a long teaching placement, or an on-line activity between remote learners, or an activity following an awareness raising series of tasks. What had originally been used by our colleagues in CReTE as a way of summarising their observation data of the way teachers were describing their personal teacher-knowledge was now being re-configured to be used rather as an intervention tool with teachers to help self-reflection.
The Open University (face to face) and Brunel University
Thirteen technology student teachers in the final year of their course from the Brunel University and the Open University were interviewed and shown a blank outline of the framework (Figure 1) . The different elements of the framework were explained to them and, in relation to the work on teaching placement, they were asked the following:
• What subject knowledge (about D&T) do I have/need to get for the teaching? • What pedagogic knowledge (about teaching methods) do I have/need to get for the teaching? • What school knowledge (about ethos, procedures, significance of some activities) do I have/need to get for the teaching? The Open University student teachers gave their views verbally and their points were noted onto the blank diagrams. The students from Brunel University were asked to produce a short piece of writing 'in which you reflect on some teaching that you did in your last practice in which you can comment on each of the three features'.
The University of Surrey Roehampton
Prior to starting their second long, final school teaching practice twenty seven secondary and eighteen primary postgraduate students were introduced to the simple framework tool (Figure 1 ) and asked to read a paper (Banks & Barlex 1999b ) reporting on the pilot study. They were told that they would use the framework to reflect on their practice when they returned to the university. The same approach was used with a group of primary specialist D&T students in their final year of a four-year degree course.
The session for both groups began with a group discussion by the twentyseven students based on the three elements. School knowledge was discussed first, followed by pedagogical knowledge and finally subject knowledge. This was a deliberate strategy to prevent them focusing too early on subject knowledge. They were asked to think about:
• what are the important issues?
• how did I deal with them?
• could I have done it another way? The discussion was wide ranging. After the discussion they were asked to write down their thoughts using the framework which exposed their 'personal subject construct'.
The Open University (Electronic Conference)
The researcher asked for volunteers from the D&T cohort. This study was then conducted electronically by putting up notes, giving time for discussion then asking participants to submit a short piece of writing in which they 'reflected on some teaching that they did in their last practice in terms of the features so far discussed'. Seven responses were received.
Oulu University
In this study the author arranged an interview session with the students who had just finished one of the teaching training periods. They did the training in primary schools with 5-6 grade pupils. He copied an enlarged picture of the framework tool (Figure 1 ) and explained the idea of the model to the students. During discussion the students wrote their thoughts directly on the enlarged picture of the model. The interviewer also made notes about the discussion on his paper. The teaching topic of all the students' had been similar: model aeroplanes made out of balsa-wood. However, they carried out the teaching placement in different schools.
Massey University
Nineteen 3rd year BEd Teaching students at Massey University College of Education were introduced to the graphical representation (Figure 1 These questions were similar to those used in the Open University/Brunel University study. The main difference between the Massey study involved primary specialists, rather than secondary. That said these students had completed a number of papers (courses) in technology education as part of their degree, some as many as six.
Queen's University
Another approach to introducing the framework was set up in Canada. In this study one of the authors was introduced to a group of fifteen trainee computer studies teachers as an imported robot for which the manual had been lost. He could respond to verbal commands but these had to be precise. A group of students within the group were set the task of giving verbal commands for the robot to make a peanut butter and jam sandwich. This was called the control group. Other groups were given observation tasks with a brief to report back on these observations. One group reported on the subject knowledge used by the control group. One group reported back on the suitability of this approach to teaching programming. One group reported back on organisational issues associated with the exercise. And one group was given the task of standing back and reflecting in general terms about the integrity of the exercise. The introduction by the Queen's University lecturer set the scene for giving the robot instructions because he gave 'walking, turning and stopping' instructions to get the human 'robot' into the room. The control group found the robot co-operative but limited in that he did exactly what he was told i.e. if told to lift his right arm he'd lift it but keep on lifting or trying to lift it until told to stop. After the sandwich had been made the reports back clearly featured the three parts of the framework tool:
• subject knowledge -if the control group don't give specific instructions the robot fails, just like a computer and they should have taught the robot some sub routines.
• pedagogic knowledge -it would engage children but it took too long. I'd need to find a way of shortening it.
• school knowledge -I couldn't get away with this in my school, the students just wouldn't understand and I wouldn't be able to find a teacher who'd be the robot. It was only after these comments, however, that the trainee teachers were introduced to the framework (Figure 1 ). They were asked to comment on the session as a whole and to provide written comments as to the value of the subject construct model. Of the 25 trainees in the group, 15 responded.
RESULTS
The results are presented through data examples commented by interpretations referring to the listed varieties of the School knowledge, Subject DEPTH: AN INTERNATIONAL STUDY knowledge and Pedagogical knowledge (Figure 2 ). Even though information in the examples overlaps for some of the knowledge categories, it is considered that this does not blur the essence of each type of knowledge. Moreover, examples illustrate information contained in the whole data the authors explored during the analysis.
As might be expected, the students used the framework with a range of levels of sophistication. For all students it provided a useful focus for debate, in particular concerning the nature and extent of school knowledge.
School knowledge

James:
It I was expected to follow exactly what was planned, it makes it difficult to reflect on your own style.
Interpretation: All the above data examples suggest a development of the teachers' school knowledge. For example Marko has paid attention to the poor state of materials and equipment. Antti refers to the 'rather good order in the "technical work" classroom' (facilities available in the school) and to the other parts of the schools being quite modern (appearance of school workrooms), as well as to general prevailing atmosphere in the woodshop (status given to designing and making). Christopher talks about having to work in a particular way, and Frank talks of a department 'ethos', and James of having to 'work round' the school expectations in his own teaching.
Subject knowledge
All the students could identify subject knowledge gaps that they had. Indeed the rectification of technology subject gaps is a pre-occupation during many teacher preparation courses at all levels (see Banks 1997a, b).
Colin:
There is no 'big hole' in my knowledge due to being a technician but sometimes I forget the 'easy stuff '! Emma:
I needed to know about smart materials, industrial uses and practices. Mikko:
It is essential for a teacher to know about the work he is going to present to the pupils. I mean that the teacher should know about the concepts and functional principles which are included in the project or topic. Understanding is important. Jussi:
I had a project where the pupils were making bridges. It is important to know what materials should be used in making different kinds of bridges. Even to me [as a young teacher] it was not entirely clear which materials or structures would be the best. So I had to explore available materials and possible structures before the any teaching took place.
[. . .] If I had known more about bridges, the pupils could have been able to build more durable bridges with a longer span.
Interpretation:
The above responses also refer to the essential role of subject knowledge in a teacher's Personal Subject Construct. Mikko, for example, pointed out that teacher should know and understand concepts and functional principles of technology. Mikko's opinion is justified by Jussi explaining how he did not feel able enough to teach about structures, but had to explore different materials and structures before the teaching session. In spite of the preparations he thinks that if he had known more about bridges pupils could have been more successful.
Pedagogical knowledge
The teachers had a clear view of how the pupils' enthusiasm for technology and the quality of their work was intimately bound up with the teaching strategies deployed.
Frank: I set a competition to produce a graphic image. This was very open, with the only criteria being that it was interesting to the eye or not as the case may be. This really was difficult for the pupils to take on board initially, as they wanted to know what I wanted as a result. In the end they produced a very good series of images, some 3D, some computerised, some with alternative backgrounds. The approach to teaching in a different way from chalk and talk seemed to awaken this group of pupils. Khan:
I felt that the pupils required a change of task setting and a more 3D approach to graphics. [. . .] I allocated time for the pupils to create prototypes or models from cardboard of the designs they had generated and present their designs to a board of directors (the rest of the class). I left the presentation styles up to the individual pupils but did incorporate some input [. . .] on presentation techniques using computer graphics and boards. It was expected that the pupils would give a 2-3 min presentation. The end result was a positive change of all the attitudes of the pupils. Mikko:
I think that 'the copying method' traditionally used in educational handicraft should not be used to same extent anymore. If the children are copying the model presented by the teacher, they just learn to copy and maybe some basic skills of using different kinds of tools. But that's all [. . .] and the pupils do not get a deeper understanding about the work.
Interpretation: In the above Frank gives clear reasons for adopting an approach different from that usually taken by the other teachers in his school. This can be regarded as a strong example of pedagogical awareness and thinking. The other examples show a clear awareness of teaching techniques to increase pupil motivation and understanding.
Personal subject construct
When using the model it is easy to focus too closely on the three aspects of 'teacher knowledge' and to not spend sufficient attention to the importance of the over-arching influence of the 'personal subject construct'. In the UK this is often associated with the traditional background of teachers prior to the introduction of Design and Technology as a compulsory subject. Figure 3 , in a rather lighted-hearted way, attempts to capture the different views. However, a response from a student teacher at Queen's University was very eloquent in underlining the importance of 'personal subject construct.
Student 3
Queen's: You asked us to be brutal, so here goes. I think that making a model saying that the three important things about teaching are knowledge of subject, knowledge of pedagogical methods, and knowledge of how to adapt to your particular school, is very wrong. How can you look at teaching and ignore the attitude of the teacher, and their enthusiasm towards their subject, their ability to demonstrate and pass on this enthusiasm, and their interest in and concern for students, among other things? If all that matters in teaching is knowledge, then I think I'm in the wrong profession. But, on the plus side, all three of those things are important to teaching. Or I should say, to students' learning (which is really what its all about).
Interpretation: Even this student teacher, critical of an analytical approach, acknowledged that teacher knowledge is important to students' learning. Indeed, across the study, the nature and quality of the answers showed the range of personal subject constructs held by the student teachers. They often mentioned how their subject construct conflicted with the subject construct held by their school mentor or other people in the school technology department. Vincent, like Kahn in the quote above, saw technology as being closely linked to 'real-life' and vocational preparation. Christopher, in contrast, saw technology as personally empowering for the pupils. They should understand 'how to wire a plug and not be scared to do things'. He wanted pupils to 'have a go' to gain personal confidence. 
CONCLUSION
It is significant that intending technology teachers across four counties and three continents could identify with the concepts outlined in the CReTE framework (Figure 1 ). It is clear from the above extracts and examples that trainee teachers from both primary and secondary phases could use the categories as a means to reflect on their practice in terms of their current position and where this might lead. The investigators could, in turn, use the diagram as a way to group aspects of teacher knowledge when the students described both their own practice and that of their colleagues in school. The authors have begun to widen the use of the framework to include groups other than pre-service students. Early indications are that the framework has merit and can be used to good effect for continuing professional development. The framework has now been used at a number of in-service events throughout the UK and in other countries as diverse as Australia and Egypt, and many teachers have also been sympathetic to the model. They can identify with the different elements and how they closely relate to aspects of their real-life practice.
The potential for positive impact on pupil learning in technology due to student teachers that are better able to reflect on their practice seems clear from the extracts presented here. Not only does this framework prove useful in the context of technology teachers in the UK but also for different phase teachers in different parts of the world. As McIntyre (1993) suggests, reflection by novice teachers is very difficult. However, we believe that this study has shown the framework is a simple yet very effective 'way in' to begin the discussion of the different aspects of teacher knowledge and the part these play in developing a robust personal construct of the subject. Indeed, the discussion of the model will itself promote an insight into the various aspects that contribute to the professional role of an effective technology teacher. Esa-Matti Järvinen from the University of Oulu in Finland is currently the Research Manager for the Technology Education NOW! -project. The project is initiating the main activities for the forthcoming technology education centre and is aiming to promote professional development of teachers in teaching technology. Järvinen has a research background in technology education, with a special interest in students' problem solving processes. During 1998-1999 he worked as an Honorary Research Assistant in the University of Exeter, England. He has published in several international journals and conference proceedings.
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